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(57) Abstract: A material responsive to visible light which com- 
prises anatase-form titanium oxide and which, when examined by 
ESR spectroscopy in a vacuum at 77K with irradiation with light 
having a wavelength of 420 nm or longer, gives a main signal hav- 
ing a g value of 2.004 to 2.007 and two subsignals respectively 
having g values of 1.985 to 1.986 and 2.024, the three signals be- 
ing slightly observed or substantially unobserved in the dark in a 
vacuum at 77K; a process for producing the material which com- 
prises heating amorphous or incompletely crystalline titanium ox- 
ide and/or titanium hydroxide (starting titanium compound) in the 
presence of ammonia or a derivative thereof and terminating the 
heating at the time when the absorption of light having a wave- 
length of 450 nm by the material being yielded is greater than that 
by the starting titanium compound; and a light-responsive material 
which responds even to visible light and a process for producing 
the material. 
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^> e s r v^t fejuts nzm~e$> -o re 

&&<Dto7k.ftMM& 5 o'C*tr<6»L.T'b©k:tt, g«#*2. 004-2. 

0 0 7WS^t;k fttffcgltj&U. 9 8 5-1. 9 8 6SD!2. 02 

4^$.^ 2o©§ij'>^;i/« % vi*rn©ESRai3t*#Ki*^Tt>«ai$n?a: 
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coyt (5 0 ow<DMm*m^>7%mm) bt^y^jv^- cl-4 2) 
mtMMi'x:mz&&(DiM7mmm*. m&Mm&2 0 3 mm ttfc 

6 0 0 nm\Z$$ttZ>K%tm%: 1 0 O%ttfetf04 5 0 nmfr&tfS^ 
3*$Stt6 9 %X'$><0, timmr£\3mm(DM.mZ. 6 0 0 nmfc^^SSIf** 

1 0 0%tbfctt©4 5 0 nm\z&tfZ>Kmmi±6 8 %T?&-?£:o MB£Hg 

2 Oft(DM.Wfe. 7 0 0 nmfc:fett3£M^£ 1 0 0%tUfctf©4 5 0 n 
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tt-S£*t^£ 1 0 0%i:bfett©4 5 0 nm\Z$>tf%>RMm* 6 8 

fee 

m mm 3 

jP7k^»«»*#, c©efi©Jn*4HSHfcS4 o cc, lBSMfin&L-T, its© 

££&#j£#fCo C©^«HCDViT, 4 2 0 nm *#t©ft ( 5 0 0 W©ffiJEzK®[ 
9>^*««) h-TS?^;^- (L-4 2) &^LT3feJHitLfcJKfB 

■PSISUfcESR^^hJP («£fig7 7K) tt, Bi©*Il!fcj3*T£ra« 
© g f *tT5±'>^t;VR» 2 *3 Offl-> WS^Ufc. 

nnw4 

7i-?-<vm=Mtti*-*>to& (&mwm «) sc-0 2) i. 6k g ^ 

-?-\Z£K)^\H(DUm*4 0 OttU eSSUHB^-ar^j^e, 9 o^to 
^bfeo mmm. tlST^U, !!&©£*&%£#&„ H5te4 2 Onm*^ 
©ft (5 0 0W©WjEE7K«7>^Sffiffi) VTZ>7 J )V&- (L-4 2) 

S^UT3tfl8l*L.fctt»*T?ai3tbfcESR^^^ 7 7 K) *7jk 
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To 

mmM5 

5fcJSWl*T?#S*lfctfr*3 g^lOOml ©^fclitT^^y^x^ 

6 ~ 7 \zfc& 3 tugs o m vn^ ft. 
3 o o u v h)i>(DKjfcm-%% (tftmRumm^m) mzmttisita&ox:® 

7k 2 0 7 k e\ZWm.fc^&>2 3 k g*ffc* fcJnAfc. COi**»*©jt* 

1 k gti&^t efiOlt«||tt, 2 0 0 k g CDT ^^E^TtK (NH s bT 6 %) 
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«»tt»S7Ht#*(2 0X2 0 X5 cm) fclkgAfrU *fX*rftfc 
£feMS09 7 

*SMfl6T?f?MfcL;fc»*3 g^lOOml OWiTKteffliaBUV^^y 

#6n*L*»W©»»CDESR*afeb&. fib, ESRTOcfiJEOL 
JES-TE 3 0 0»U a«ft#fc*^T; 7 7 K> J»ffi$C$&$ 

(760Torr) iU -fe>^-7^ F£ 3 3 0mT±25mTtU 
modulation freauency £ 100kHz RF/17-§ 1 . OmWtU j£SB# 

Fb14^, ^<^n>7,^> N 0. l^i:U31fiSttl 5 0W Xe5>yib, 

($0 =3c«&84feBf SUPERBR I GHT- 1 5 2 S^fflViT, 7 4 )V 
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^-GG4 5 5 (SchottB*S) *ffiLTtt#fc3fc£flBSfT?#S <fc 5 \z 
jg**H2 3 iz^To 

mffiMl, 3. 5, 6, 7 W«Ufctt»3SfcWiR©tt-fbV^>»5|c (ST 
"01. tfHtSMS (80 ft) («S*«1) #0. 2g^7X^-h(6X 
6cm)H^tl|*lfcfe(5^, /H 1/y ^ 7 i(f 77«R**» 1 6 

0 mm, JP£ 2 5 mm) fttdifcfiLfco 3 0 0Wi?ty>7>^ffl 
^fclWif ( B *M (* IS^^S : S M- 5 S C T - 1 0) fccfc 2 

21©S^SfcM«0%RH©^^S5!^(NO : lppm)*l. 5Uy 

1 «FlBl0t-^-©tfflSatt^6#SI£»Sfc*^SNOxCD»*« (56) 
( = NOW-N0 2 ») ft, NOj8«©»£fctt, Monitor 

labs IncSL Nitrogen Oxides analyzer Model 8840 £/BV>fc„ 
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*1 





NO0HS$ (%) 




1.0 


mmm3 


3.8 


nffiMs 


6.0 


mmm6 


4.4 


mmm7 


20. 5 




0.4 



siM6r#fcefi©» mfrftmrn) tmrnm* 3oo<c, 325^, 

350t\ 375^, 400^ 425'C, 450*0, 475 < C£fc« 500*C t. VfrVAm^MM 

h;i/^fiiJSb, 6 0 0 nm^cH7 0 0 nmfC^tt^^lt^^ 1 0 0%hVft 
h^<D4 5 0 nmlZ&l<fZfcMm*m2 iZ^To #t<hlT5Jlii (>&) © 
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oUUnni k.J£ L/c 4o0nm ^? 

/T\ CS" 6-4. v*? 


700nm (3it bfe. 450nm T? 


oUU 


010/ 


78% 


QCfi 

ooU 


81% 


78% 




77% 


74% 


4bU 


O 1 ft/ 

81% 


79% 


500 






S T- 0 1 


95% 


91% 



»i9 mmmmiiNom^mt(Dmw:) 

nm^:li7 0 0 nmtilt^Slt*?: 1 0 0%tUtf©4 5 0 nmf£:fe 
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313 



Uftom&ftto (h) 


600nm izikLfe 450nmT 


700nm fcrJtbfc 450nmT ! 


0. 5 


75% 


73% 


1. 0 


77% 


74% 


3. 0 


68% 


66% 


6. 0 


67% 


67% 


10. 0 


76% 


74% 


S T- 0 1 


95% 


91% 



mX&tolQ-l (M*M*©&#£lfc*#£©W« (1)) 
^#6M6T#J&Lfc)|sfr5fc3 g^lOOml 0*fi7KK:JR»l/ ^if^y 97,$ 

2HK 30, 5®> *fctt7EF*D5gUffV^ nzntcmmt, 110*Cfc:ig 

woxffi&mik&±fa&mM£mmzisTm%.is. 012 — 1 4^?. 

^»J10-2 (jDj»ao«si*t»**t©KI« (2)) 
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^*«6fMi&»*3 g^ioomi (DMTMzmmv, 

*M«*k:«#u, ®3lflii&£fT^fc. £cD}ti&<z>iEi!&£, o@, m, £fc 
^*«s»®»6ia© i rx^# h^-rtflofefe© (a) i iucd i 

R;*^ V)\>&$&&Wi%tL6m<D I R*^ b^TMW-pifcfeCD (B) £*-*H?tt 

017 t^-r. 
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• m4 



(nm) 


NO WL'P (%) 


N0 2 (%) 


NOx Rfc* (%) 


570 


2. 0 


0 


2. 0 


520 


8.2 


1. 2 


7. 0 


470 


18. 3 


3. 8 


14. 5 


420 


18. 2 


3.9 


14. 3 


360 


25. 3 


9. 3 


16.0 



i&wmm 1 b x 3 m 



i&fi (nm) 


no mo (%) 


NO, tktfc, (%) 


NOx (%) 


570 


2.4 


0 


2.4 


520 


7.4 


0. 6 


6. 8 


470 


15. 8 


2. 1 


13. 7 


420 


15. 9 


2. 3 


13. 5 


360 


25.0 


7. 1 


17. 9 



mmmi2 (mm^^^^oss^jt^mncom^^ <i» 
mmmi 

mm^*> civ) mmthx, (iv) *mmmn<t^m 

mm&z -.mm?"* > <iv) mim, wm*?> (iv) &24m&%&>±& 
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T>^nT7jc(T>^-TM^:7jc=l : 1) 5 8m 1 l/y hT? 

■c # 3 a? w»-*>jft ic in a tew zmw&mvrtctzz, &n&t& s o £ 
sufco 2 4Rriwjgia«te:!R5ia:iaigT?aiiabfc. MfcD^fea^«, P 
u ^^tfvj, m&<DBm*nt£o nznrcwm*. somibT, is 

H»J 12-1 

®ae«lT?#5nfctt»«&*G 8 g£#«fcA*U«£;#*fcgPU 4 0 0«C 
t60^i^U BETgliS^, 89. 4m 2 /g0B^^)Vi^ODi^5|cA 

HMM 12-2 

«£mT?fc&nfctt»»*G 8 g fc#*ICA*U U 3 0 0*C 

©i&fin?6 0#KIJfcJ5feU BETiBM 1 0 lm 2 /gCD9i«>Viat6©t9- 

12-3 
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«jfi«ii?#6nfctt»»5rgG 8 g***i:xn,i«jpi:»u socc 

©i&£T?6 0#Mj»j£U BET», 5 2. 6m 2 /g0^^ifi©U 
;fcC£6. 2 g#fc„ 

JfctfcM 12-1 

©lftflr?6 0#M»jfcU BET«®^75t, 2 4 9 m 2 /g GD&fiCD^D £ 
7. 6g#fc„ 

JfclfcM 12-2 

®liiMlT#e>nfeW^»*G 8 g£itfiBK:A*U*&tf5fc:^U 2 0 0*C 
©IlT6 0^WMt, BET«®» 2 0 0m 2 /g<£>a&<Z)m5fcE£ 
7. lg»t. 

JfctfcW 12-3 

Iff JKSttT V>*»fc9^ (Silt (ft)fiST-0 1) £tfc£ F <fc Ufc e 

C©»*Ftt, BET^jiia^ 3 2 0m 2 /gCDSfi|&*Tfe5, 

§g»j i , mmm 12-1-3 sotsmj 12-1-3 T#6nfe»*©« 
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1. xnmffi (xrd) 

RtfC, tttffcJtfcm 2- l~3T»5.n&»5fcD, EMFOMMlc 
£<5gHfc£, XatUiff^Wg«(S^«a(^)m^ia^:R I NT- 2 0 0 0) 
fc£D«IJ£bfc«r:R&, 018 

2. XW&£*¥ftyt& (XPS) 

i T#6nitKfi»*G, mmrni 2-1 T?#&nfc»5i5A&ufjfctt 
091 2-3©»*f©, ^>^itoit$s> xmytnttx&m (es 

CA) 8i(7My^7yf (tt)SRA« : Qu an t um 2 0 0 0)fc«k 

®jBX»38£*#:£-A€l IOOmi-HOW Al P—fy hfcTJttS 

* ZU5> LfcUHMb X ft (AlKa 1) €BjBftfcft V>fc„ 
#*r*Wfc* i E— H:#*HH#;15OO#mxlOOMm0, tf— 100/im<i> 
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AX2i*)V¥-:W. 85eV (Survey) , 23. 50eV (Multiplex) 
Xryzfrn-A. 6eV (Survey), 0. leV (Multiplex) 

tfi2. 2 8RtWJRftT?*a»5feF*«2. 4 0 T&o fc. Hlft^Ttt, M?t<E> (T& 
fRA<D)m<K?-*>»&{l V)©»*7C*i^>7C*i:©#«E«: (O/T i) 

SffiLh© (3fe»©)»*7C*tg ; ^>7C*t©#aEJt(0/T i) feJ\ 
tfe 2 . 0 0*iTfeS^t^^5 n 

«jfiWlT#6nfcK»»*G, *JS«12-l-3-e#6nfc»*A, B 
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^5 





#aJ3t»ftfc*W-SNOxCD|t§*5S5jftflE (%) 


360 (nm) 


420 (nm) 


470 (nm) 


520 (nm) 


570 (nm) 


swam (»*o 


0 


0 


0 


0 


0 


mmm 12-1 m*A) \ 


1 1 8. 2 


7. 5 


7. 2 


1. 9 


0. 7 


mmm 12-2 mmB) 


6 


1. 1 


1. 1 


0. 5 


0. 2 


mmm 12-3 m*o 


15.1 


2. 1 


0. 8 


0. 2 


0. 1 


12-1 mmr>) 


0. 2 


0 


0 


0 


0 


itmm i2-2(»*E) 


0. 1 


0 


0 


0 


0 


\M6tm 12-3 «&5Kf) 


2 8.4 


4. 5 


0. 4 


0 


0 



4. -Yvyn/^-;vBfcfcffite©ai5& 

s^jiT#^nfc^*G, niMi2-i~3Ti#e.nmA, b 
Rtfc.MtMsjfc&Mi 2 - 1-3 -vn<E>nttwmi>> erik F©^-n-eno. 
2 g£#^;*yix— h (6X6 cm)cif L/fefe©$, # ^*as!^;i/S?^— 

: 1 . QUyHWrtfcRIlifc. Mfctt, 3 0 0W;\py> 
7>:/£JBV^ h7-f ;i/^-((«c)JK^» : I RA - 2 5 S, 6 5 

0 nmWffl$fiC)fc|*^ MRtfc&y h 7 - ( (#0 iSiS^ : 

L-4 2> 4 2 Onm SfefltOJfeftOSfc** y h) fcrtfc-HfrfcSMlCl/ 
2-:?D/W-;V£Rjfc£»rtfcgfcAUT\ »«#5 0 OppmOKjfc 
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xxtvit. &m¥'mzmvfr&, 2B#p t g«^£f T o 



3t6 





(p pm/#) 




0 


mmrn 12-1 ci^a) 


1. 3 




0. 1 


mmmi2-3 m^o 


0. 3 


vcMtm 12-1 m*D) 


0 


itmmi2-2 (»*e) 


0 


JttfcMl2-3 (»5fcF) 


0 
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4. X?— 7i-5'(*?—\Z&Zm%. 

9fr£, «&*A, C2fctfB#W«&&«fcD^<»iRLTV>*&«K nj 
4 5 0 nm©IS©^$iltL&i^fc^^5Slif$) 7 fc^t. 



«7 









0.99 


mmm 12-1 (j^*a) 


0.53 


mmmi2-2 (»*b) 


0.86 


**W12-3 (*&5fcC) 


0.66 


JttMll2-l (ffcfcD) 


0.9 8 


JfctfcM 12-2 (t&5fcE) 


0.9 6 


Jfctttf 1 2-3 m^F) 


0.9 3 
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mmmi 2 - 1 T#f.nfe»*A©E s r^^^ hMi^ufc. mmz, 

m&*(0. lTor r) 7 7 KTfrofco »£*#tt*lfil« 1 tW*T?**. 

i20 (agfig7 7K) fc, 4 2 0nm*#|©5fe (5 0 0WC9i^JBE7K^^> 
?"££/S) 4*yht47^M- (L-4 2) ^^bT^MItLfe^SiT??|!| 

02 OICSt^^^h^Tft gfltfl*2. 0 0 4-2. 0 0 7T$5i->^ 
MZS\Zgffi.ff 1 . 9 8 5~1. 9 8 6Rt)t2. 0 2 4 2 ^>CDSUS> 

!8U efi©JP*^#W*5 OlCT^bTfeCXC^, g|ta*2. 0 0 4~2 . 
0 0 7T*5±^t;K MtffcgMaU. 9 8 5-1. 9 8 6W2. 02 

^1^1 3 (SSm5 1 ^>^e>(7)nI^^^ffi<DMB^ (2)) 

#®)£J0A.T**JKj&£fT:5. pH 7 15 ^l#t§ 0 

— ^-#@5&<&*I$#&*©T, JBSMzfc^ira** (200 mL)o 15 
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» e> n&*m© no x s±BB«ift« t mm \z vxmm u « 8 fc^ 

-To 



* 8 



(nm) 


NO W> (X) 


N0 2 &m (%) 


NOx IS&5fe Of) 


570 


1. 2 


0 


1. 2 


520 


9. 8 


1. 2 


8. 6 


470 


21. 5 


4. 3 


17. 2 


420 


22.2 


5. 5 


16. 6 


360 


28. 5 


10. 3 


18. 2 



IISn^lBKDESRX^hMiSLfc. 3l^+ (0. lTo 

r r) 7 7KTfrofe 0 »Jl*#tt*«Wl tRfln?**. 
EI 2 1 (®\mmSt7 7K) \Z4 2 0nm*i&t©3te (5 0 OW©i^ffizK^^>y 
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02 lll^^^hjrat g«a?2. 0 0 4 — 2. 0 0 7T$-5±^ 
^-;K afttftCg«ta*l. 9 8 5-1. 9 8 6^2. 0 2 2^><Dl!|>' 

m> &&<DM7i<ftm®*5 0t:T^bTt)CD}c:«, gtt#$2. 0 0 4-2. 
0 0 7tfe5±^tJK Mtgf^l, 9 8 5-1. 9 8 6S:rK2. 02 

MtK 200g IzMWlstetfZ^* y^D^i/ K 30g *&XlzinZ.fz(7k2i 
^^>-f V^o^>-H^Jt=^ 10: 1)„ # jpfrifc^M^flJ 30 ftMWVft 

•s-t i Bmwvrc%(D^mmv, uow&mvs 4oo"ct 1 mmm^vrc % 

T7k (7>^E-T(Dmm 6%) \zttmm mTkftmm) ^ii$tTi0i 
wi,tcmvt£&>m^ ±mm^tmm\zvx. ifis*MBtts, 
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§19 

a 



; (nm) 


NO |»£ (%) 


N0 2 §ZJ$, {%) 


NOx RfcSc (%) 


570 


0 


0 


0 


520 


0. 3 


0 


0. 3 


470 


1. 1 


0 


1. 1 


420 


1. 5 


0 


1. 5 


360 


16.0 


2. 5 


13. 5 



(nm) 


NO R*3c (SO 


N02 £jfc(X) 


NOx Bfc3c (X) 


570 


1.0 


0 


1.0 


520 


4. 7 


0 


4. 7 


470 


15. 6 


3. 4 


12. 2 


420 


16.4 


4. 6 


11. 8 


360 


19. 1 


10. 0 


9. 1 



#6tlfc#»®ESRX^ h;H£W£b&. S'l^tt> (O. lTo 
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02 2 («|J£»&7 7K) (14 2 0nm*^6D^ (5 0 0 WCDiSJE7K^7 >^ 
£4£/S) t*yht*7-fM- (L-4 2) ^LT^flgStbfeJKSi^^ 

0 2 2fc^-T7.^^ h;i/T«, g^2. 0 0 4-2. 0 0 7^5^ 
MtffcgttflU. 9 8 5~1. 9 8 6StK2. 0 2 4 2 0<£>l!h> 

flS^ efe©JnJ*^»«*5 O'CT^LTfeODfc^, g«j&*2. 0 0 4~2. 
0 0 7T?*5±e/^t;W t^fcgi^l. 9 8 5~1. 9 8 6^2. 0 2 
4TS5 2^©Sh>WH ^Ttt©ESRffl£*ff:K::fcV>Tfe«ai£n& 

mcRm(DNo x m^m^mmu,^mtmmzvTMmi,rciiz\^, 
mmmi nz&v&um a b <Dm&tmm\z, 7 >*z~? cd##stt 
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I£«!|7, 12-1W1 ST^e.tlfe^^COpT^^llW^©^ 

^^>(c*5tt^^^>^^-r^mm© ; e;i'jt^x^m^^ (es ca) 
imyem^ftytm (esc a) mmmi 2(D^mm\z^vr^ x 



810 





O/T i Jfc (E S C A) * 


O/T i it * * 


*»1J 7 


2.11 


1.76 


SIJSM 12-1 . 


2. 2 7 


1.90 


1 3 


2. 17 


1.82 




2. 3 9 


2.oo mmm) 



**0/TiJt (ESC A) ©Uia'HI£> ItlniWXDO/Tiif 
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mm±<pmm»im&_ 

urn, ytmmttmmtVTGmtzhw&z,, 
*m m iz inn ^m^tm \z % m®? % m Mfcxmg&tt m zmm? 

#isbjt«, ^t>®zmMmm<DM&mz&m-2tiz>mftmtf$%m\,*T, mm 
fr^&mzKMmtLT(D^ffiftm&&*mTzMfc^?>&Mi&Tz> c <ta* 
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1. }i ) b7i-?-l£W.mk3-&>%:^$sMi\tf L &>-e$>K), ft^>MQ 

7 7K^43^T4 2 0 nm£l±©«l5$tt S^cDHSgtTTSiJjgbfcE S 
R^^V^T> gi*t2. 0 0 4 — 2. 0 0 7 T&<53E5^:*-;i/<h g-fit#* 1 . 9 
85-1. 9 8 6&tf2. 0 2 4T^§ 2 ^<DSiJ>-^^-;i/^maS$tl, ^Oil 
n^cDSOOS/^^ttX^f , 7 7K,BtMTfc*5ViTm/hfC:mS0$n'5/6^ 

mom* 

4. n&*P, 7 7K(^^T4 2 0nrafil±©tfi^ft5MlfTTi 
^^nfcE S Rfc&^T, gt*t2. 0 0 9-2. 0 1 0 "C & -S 14 ~> £ 

5. WfBm^^>«^^>i:m^i:^^itTS§i»^l-4cDVi-rtl 

7. 6 0 0 nm0i5©3feW5SW$ 1 tlfctfC, 45Onm0 
iSSO^fc^f-rSSif^^O. 8 5aTT25^|ff^l-6CDVi-rn^l]«fo 
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8. 6 0 0 nm(O8fi0jet:»t*K»*Sl ttfetfH, 4 5 0 nm© 

9. 6 0 0 nm©Sfi©)feW§g^$l tLfcttC, 4 5 0 nm© 

10. tS5 2 0 nm03fefa 0 N O OiMtt^f 1 ~ 9 ©V^ 

t^JS^ot, 2>ttn<D$zm4 5 0 nm fc&tt&^GDTOrtt, Mi^^ 

^>M(D$fi4 5 Onm lZ&Vf&yt<DWW&V±%\,m&7?m2]}m$:1fe 
T$-&S il <h£#m<hT<i>ff3fc5t 1-11 (D^Ttl^ 1 Wzmm<D pJUft^ 

1 3. liu*flain#&£ 250-50010 ©iBB<M^T\ ^oaffiT^fT^W^ 1 2 
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